Background
Oral cancer is a global health problem with considerably poor survival. Despite advances in current treatment modalities, there has been minimal improvement in survival rates, emphasizing the need for novel strategies for managing this disease. Head and neck cancers (HNCs) develop in the oral cavity, the pharynx, the nasal cavity, and the larynx. Most of these cancers are squamous cell carcinomas (SCCs) that originate from the mucosal epithelium. Photodynamic therapy (PDT) is a promising treatment modality for cancer [1, 2] . PDT appears to be a viable alternative to conventional therapy for oral premalignant lesions [3, 4] . Several clinical trials have found PDT to be highly effective in the treatment of early and recurrent of HNCs. Patients have been treated with PDT using Photofrin, hematoporphyrin derivative (HPD), aminolevulinic acid (ALA) and Foscan (Temoporfin) [5] [6] [7] [8] [9] [10] . The FDA has not approved PDT for the treatment of head and neck SCCs. The use of conventional therapies does not preclude the use of PDT, and PDT does not compromise future surgical interventions or radiation therapy [11] . Originally, the aim of this study was to evaluate the photodynamic effects of phthalocyanines in oral cancer cells. However, because of the controversy regarding HeLa-contaminated KB cells, which have been wrongly identified as oral cancer cells, we compared HSC-3 oral cancer cells with HeLa cervical carcinoma cells.
PDT utilizes light to activate a photosensitizing agent (photosensitizer) in the presence of oxygen. The exposure of the photosensitizer to light results in the formation of highly reactive oxygen species (ROS) and free radicals, causing localized photodamage and cell death. The administration of the photosensitizer is followed by subsequent irradiation with red visible light to promote the excitation of the photosensitizer. PDT produces cytotoxic effects through damage to subcellular organelles and molecules. Mitochondria, lysosomes, cell membranes, and nuclei of tumor cells are considered potential targets. During light exposure, sensitizers that localize in mitochondria may induce apoptosis, while sensitizers that localize in lysosomes and cell membranes may cause necrosis [11] .
Over the past few decades, liposomes have drawn considerable attention as carriers of therapeutic agents. Due to their capability to incorporate hydrophilic and hydrophobic drugs, biocompatibility, low toxicity, and lack of immune system activation, liposomes have also become attractive carriers for photosensitizers. Liposomal delivery may help to overcome certain limitations of photosensitizing agents, including aggregation [12, 13] . This "passive targeting" mechanism is affected by the physicochemical properties of the photosensitizer. Active targeting of liposomes to tumor surface markers, e.g., receptors of growth factors, transferrin, integrin, insulin and folate, has been studied extensively [14, 15] .
The folate receptor (FR), a glycosylphosphatidylinositol-anchored cell membrane protein, is upregulated in a variety of epithelial cancer cells, including ovarian, breast, kidney, lung, and colon cancers, and is rarely present in normal cells [16] . FR binds extracellular folate with high affinity and delivers it to cells via endocytosis [17] . The enhanced phototoxicity of several photosensitizers conjugated with folate or encapsulated in folate-targeted liposomes has been reported mostly in FR-positive KB cells, which were thought to be oral cancer cells, and in HeLa cells [18] [19] [20] [21] [22] [23] [24] [25] .
In this study, we investigated the photodynamic effects of free and liposome-embedded zinc phthalocyanine (ZnPc) and aluminum phthalocyanine chloride (AlPc) on the viability of HeLa cervical cancer cells and HSC-3 oral squamous cell carcinoma cells. We also examined the effect of FR-targeted liposomal ZnPc using highly FR-positive HeLa cells [25, 26] . We did not use KB cells, used often as a model for oral cancer cells and FRpositive cells [18, 19, 21, 22, 24, [27] [28] [29] . The nasopharyngeal KB cell line, originally isolated in 1955 from a human epidermoid carcinoma of the mouth, was subsequently found to be contaminated by HeLa cells (cervical adenocarcinoma), based on isoenzyme analysis, HeLa marker chromosomes, and DNA fingerprinting [30, 31] . Therefore, the use of KB cells in any study that claims to represent an investigation of oral cancer phenotype cells is incorrect. We have used HeLa cells as an appropriate comparison with previous results obtained with KB cells.
Material and Methods

Cell culture
HeLa cervical adenocarcinoma cells were purchased from ATCC (CRL-8798, Rockville, MD, USA). HSC-3 cells, derived from squamous cell carcinoma (SCC) of the tongue [32] , were provided by Dr. R. Kramer (UCSF). Cells were incubated in tissue culture flasks (Falcon, Becton Dickinson Labware, UK) at 37°C in a humidified atmosphere containing 5% CO 2 , and were passaged 1: 6 twice a week. They were maintained in Dulbecco's Modified Eagle's Medium (DMEM) supplemented with 10% fetal bovine serum (FBS), penicillin (100 units/ml), streptomycin (100 µg/ml), and L-glutamine (4 mM) (DMEM/10). All media, with or without phenol red, penicillin-streptomycin solution, L-glutamine, FBS, Trypsin-EDTA (ethylenediaminetetraacetic acid) and phosphate buffered saline (PBS), were obtained from the UCSF Cell Culture Facility (San Francisco, CA). Photosensitizers were solubilized in 100% dimethyl sulfoxide (DMSO; Sigma-Aldrich, St. Louis, MO, USA) to a final concentration of 10 mM, and subsequently diluted in DMEM (without FBS and phenol red) to a concentration of 50 μM (0.5% DMSO). The 50 μM solutions were diluted in DMEM to obtain the desirable concentration of photosensitizers used in the experiments. The cells were plated at a density of 1.8×10 5 cells per well, in 1 ml of DMEM/10 in 48-well plates (BD Falcon™, Franklin Lakes, NJ, USA), and used after a 24 h incubation at 37°C at approximately 80% confluence. Subsequently, the cells were pre-washed twice with PBS (0.5 ml) and 1 ml of medium without FBS and phenol red, containing photosensitizer at a given concentration, was added to each well except controls. The FBS-free media were used to avoid binding of photosensitizers to serum proteins. Directly after light exposure, medium without FBS and phenol red was replaced with 1 ml of complete medium (DMEM/10), and the cells were re-incubated for an additional 24 h at 37°C. Cell viability was quantified by the Alamar Blue assay.
Liposome preparation
Liposomes were prepared by hydration of dry lipid films in HEPES-buffered saline, pH 7.4, followed by extrusion through polycarbonate membranes. Negatively charged liposomes were composed of palmitoyloleoylphosphatidylcholine (POPC): phosphatidylglycerol (PG) (1: 1) (Avanti Polar Lipids, Alabaster, AL, USA). The lipids were dissolved in chloroform (Fisher Scientific, Fremont, CA, USA) and the solvent was evaporated to dryness in a rotatory evaporator (Labconco, Kansas City, MO, USA) to deposit a lipid film on the walls of a test tube. To remove final traces of the solvent, the films were kept in a vacuum desiccator (Thermo Scientific Napco, Fremont, CA, USA) for 12 h. Multilamellar vesicles were prepared by hydration of the dried lipid films under an argon atmosphere (achieved by flushing argon over the buffer) at a concentration of 10 µmol lipid/ml of 140 mM NaCl and 10 mM HEPES buffer (pH 7.4), followed by vortexing for 10 min. Liposomes were extruded 21 times through polycarbonate membranes of 100-nm pore diameter, using an Avanti Mini Extruder, to achieve a uniform size distribution (approx. 100 nm diameter). The liposomes were not subjected to further purification to avoid exchange of the photosensitizers with gel filtration material. Since the photosensitizers are hydrophobic and have very poor solubility in water, the hydrophobic interior of the liposome membrane provided an ideal "solvent" for these molecules. 
Photodynamic treatment
HeLa or HCS-3 cells were incubated with free or liposomal ZnPc or AlPc, in the range 0.1-1 µM, for 24 h at 37°C. Two light sources were used for irradiation, because of the differences in the photophysical properties of ZnPc and AlPc [34] . Cells incubated with free or liposomal ZnPc were exposed to broadband visible light (350-800 nm) from a Dura Max light bulb (75W Med 120V A19 Cl/LL 20W; Philips Electronics North America Corporation, Andover, MA, USA), at a distance of 10 cm to the plate, for 20 min at room temperature. The total spectral irradiance at the level of cells was 36 mW/cm 2 (light dose of 43.2 J/cm 2 ), as measured by an RD 0.2/2 radiometer with a TD probe (Optel Vision, Quebec City, Canada). These measurements indicated that the irradiance was constant over the small area occupied by the 48-well plates [35] . Infrared radiation was minimized using a 1 cm water filter between the cell plates and the light source. Cells incubated with free or liposomal AlPc were exposed to light (690 nm) from a highpower LED Multi Chip Emitter (9.8V; Roithner Lasertechnik, Vienna, Austria) for 20 min. The light intensity at the surface of the plate was 3.0 mW/cm 2 according to a Thorlabs TM100A Optical Power Meter (Thorlabs Inc. Newton, NJ, USA). The total light dose was 3.6 J/cm 2 . Cells treated with the photosensitizer but shielded from light were used for the evaluation of dark toxicity. Cells incubated with medium alone, medium/liposomes, or medium/0.5% DMSO served as controls. Three independent experiments were performed in triplicate (3 wells) for each condition (dark and light toxicity of free or liposomal ZnPc or AlPc, in the range 0.1-1.0 µM), and controls. In the figures, each presented value is the mean ± standard deviation (SD) of 2 or 3 independent experiments performed in triplicate.
Flow cytometric analysis
The expression of the folate receptor 1 (FOLR1) on the surface of HeLa and HSC-3 cells was examined by flow cytometry. The cells were maintained in DMEM high-glucose medium (ThermoFisher Scientific, Waltham, MA, USA) supplemented with 10% FBS (ThermoFisher) and penicillin (100 units/ml)/streptomycin (100 µg/ml) (UCSF Cell Culture). To evaluate the effect of folate on the FOLR1 expression, cells were cultured also for 1 week in DMEM without folate (UCSF Cell Culture; Custom Made). The cells were harvested with StemPro ® Accutase ® Cell Dissociation Reagent (ThermoFisher). After centrifugation for 3 min at 6000 rpm in a microcentrifuge (Eppendorf 5418; USA Scientific, Ocala, FL, USA), the cells were washed twice in PBS containing 2% FBS and 0.05% sodium azide (Sigma) (FACS buffer) and stained at 4°C for 30 min with allophycocyanin (APC)-conjugated anti-FOLR1 or the corresponding APC-conjugated isotype-matched control monoclonal antibody (R&D Systems, Inc., Minneapolis, MN, USA). The cells were post-fixed with 1% paraformaldehyde in FACS buffer and analyzed using a Guava flow cytometer and InCyte 2.7 software (EMD Millipore, Hayward, CA, USA).
Cell viability
Cell morphology was evaluated by inverted phase contrast microscopy at 25x magnification. The number of viable cells used for the experiments was determined by the Trypan Blue exclusion assay. Cell viability was quantified by the modified Alamar Blue assay [36] . Briefly, 1.0 ml of 10% (v/v) Alamar Blue dye (Life Technologies, Carlsbad, CA, USA) in complete DMEM/10 was added to each well. After incubation at 37°C for 1.5-2 h, 200 µl of the supernatant was assayed by measuring the absorbance at 570 nm and 600 nm in a Molecular Devices Vmax microplate reader (Mountain View, CA, USA). Cell viability (as a percentage of control cells) was calculated according to the formula [(A570-A600) of test cells]×100/[(A570-A600) of control cells]. Statistical analysis was performed by the unpaired Student's t-test, using StatView software (BrainPower, Inc., Calabasas, CA, USA). A probability value (p) of less than 0.05 was considered significant.
Results
Dark toxicity of free and liposomal phthalocyanines
Cells treated with free or liposomal ZnPc and AlPc, in the range 0.1-1.0 µM, but shielded from light, were used for the evaluation of dark toxicity. The mean values of OD 570-600 obtained for controls were considered as 100% and were used to calculate the percentage of control. The results obtained with 1.0 µM free and liposomal phthalocyanines are shown in Figure 1 . The treatment without exposure to light did not significantly affect the metabolic activity of HeLa and HSC-3 cells. Thus, the effects of free and liposomal phthalocyanines (vide infra) were irradiation-dependent.
Phototoxicity of free and liposome-embedded ZnPc Figure 2 shows the percentage of cell viability of HeLa and HSC-3 cells incubated with free or liposomal ZnPc, in the range 0.1-1 µM, and exposed to broadband visible light (350-800 nm) at a light dose of 43.2 J/cm 2 . Liposome-embedded ZnPc was much more effective than free ZnPc in reducing cell viability in both cell lines. Free ZnPc, at 0.5 and 1 µM, reduced HeLa cell viability to 87.0±13.6 and 52.7±2.1%, respectively, and HSC-3 cell viability to 58.1±9.9 and 22.1±2.8%, respectively. Both cell lines were not sensitive to ZnPc-mediated PDT at a concentration of 0.1 µM. Liposomal ZnPc reduced HeLa cell viability to 68.0±8.6 and 15.1±9.9%, at 0.1 and 0.5 µM, respectively, and HCS-3 cell viability to 7.2±2.0% at 0.1 µM. A lethal photodynamic effect (100% of the cells are killed: LD100) of liposomal ZnPc was observed at 1 µM in HeLa cells and at 0.5 and 1 µM in HCS-3 cells. Thus, HSC-3 cells were significantly more sensitive to the phototoxic activity of both free and liposomal ZnPc (p<0.0005) than HeLa cells. 3.6 J/cm 2 . Liposome-embedded AlPc was much more effective than free AlPc in reducing cell viability. At 0.1, 0.5, and 1 µM, free AlPc reduced HeLa cell viability to 78.2±9.9, 55.1±11.9, and 15.4±8.0%, respectively. HSC-3 cells were not sensitive to PDT mediated by free AlPc at 0.1 µM. At 0.5 and 1.0 µM, however, HSC-3 cell viability was reduced to 76.7±1.5 and 56.6±8.6%, respectively. Liposomal AlPc, at 0.1 µM, reduced the HeLa cell viability to 25.8±8.2%, while a lethal effect (LD100) was achieved at 0.5 and 1 µM. HSC-3 cells were significantly less susceptible to PDT mediated by liposomal AlPc (p<0.0005) than HeLa cells. At 0.1, 0.5, and 1 µM, HSC-3 cells viability was reduced to 72.8±18.0, 25.3±8.1, and 21.3±0.3%, respectively. 
Phototoxicity of free and liposome-embedded AlPc
Discussion
Phthalocyanines have emerged as promising candidates for use as second-generation photosensitizers. They are activated by light at longer wavelengths (650-680 nm) and exhibit a greater depth of tissue penetration, leading to a better PDT response [2] . Most of the phthalocyanine derivatives are, however, insoluble in water and tend to form aggregates in a hydrophilic environment. They are strongly hydrophobic and lipophilic, and are usually administered in liposomes [13] . Among the metal phthalocyanines, Zn(II) and Al(III) complexes (ZnPc and AlPc) present the most favorable photophysical properties for application in PDT [37] .
Oral squamous cell carcinoma (OSCC) is the most frequent cancer of the head and neck region and the sixth leading cancer by incidence worldwide. Despite advances in surgical, radiotherapeutic, and chemotherapeutic treatment, the 5-year survival rate of patients has not improved notably and is still about 40-50% [38] and searching for alternative treatment of these cancers is essential [9, 39, 40] .
In this work, we examined the phototoxicity of free or liposome-embedded ZnPc and AlPc on the viability of HeLa cervical carcinoma cells and HSC-3 OSCC cells. Although it has been reported in 1967 [41] that the KB cell line is a sub-line of HeLa cells and is not derived from OSCC [30, 31] , KB cells have continued to be identified as being of oral cancer phenotype [18, 21, 22, 24, [27] [28] [29] . We have used HeLa cells (ATCC) as an appropriate comparison with previous results obtained with KB cells. As a model for OSCC cells, we used HSC-3 cells derived from SCC of the tongue [32] that were used recently to evaluate the phototoxicity of novel zinc and magnesium phthalocyanine derivatives [35, 42] , and novel porphyrazines and their liposomal formulations [43] .
Our studies showed that both free and liposomal phthalocyanines had not effect on cell viability without exposure to light and that the embedding of phthalocyanines in liposomes enhanced their phototoxicity. The efficacy of PDT was dependent on cell type. HeLa cells were more sensitive to AlPc, whereas HSC-3 cells were more sensitive to ZnPc.
Only a few studies have evaluated free and liposomal phthalocyanine-mediated PDT against oral cancer cells. Ketabchi et al. [44] investigated the effect of aluminum disulfonated phthalocyanine (AlS 2 Pc) at 25 µg/ml (34 µM) on the viability of OSCC-derived H376 cells and human HPV16-transformed epidermal keratinocytes. The treatment reduces cell viability by ~73% and increases the number of apoptotic cells. Human dysplastic oral keratinocytes (premalignant DOK cells) established from oral SCC and standardized by the European Collection (ECACC No.94122104) were incubated with di-or tetra-sulfonated AlPc (AlS 2-4 Pc) at 2-4 μM for 24 h and irradiated with a He-Ne laser source (l=632.8 nm). The cell viability was reduced by 70% by apoptosis, as determined by protein microarray analysis [45, 46] . PDT with pyropheophorbide-a methyl ester (MPPa) enhanced apoptosis and reduced the mitochondrial membrane potential in CNE2 nasopharyngeal carcinoma cells [47] . In KB cells, PDT mediated by 5 µM AlPc encapsulated in dimyristoyl phosphatidylcholine (DMPC) liposomes reduced cell viability by 95%, causing morphologic alterations and necrosis [27] . In HeLa cells, PDT mediated by 1 µM ZnPc encapsulated in dipalmitoyl phosphatidylcholine (DPPC) liposomes showed a decrease in survival close to 100% [48] . ). These results are in agreement with our observations that the phototoxicity of free and liposomal ZnPc and AlPc is dependent on cell type.
A variety of epithelial cancer cells overexpress FR [16] . The high affinity of folate for its receptor provides a novel approach for specific delivery of photosensitizers encapsulated in FR-targeted liposomes [16] . We evaluated the expression of FOLR1 on the surface of HeLa and HSC-3 cells used in our study. As reported previously [23, 25, 26] [52] reported that UM-SCC-38 cells express limited amounts of FRa antigen, which does not bind folic acid or 5-methyltetrahydrofolic acid. A tissue microarray with tumor and tumorfree tissue from 22 patients with HNSCC demonstrated that SCC cells do not express FR [53] . FR was expressed in tissue samples obtained from nasopharyngeal and laryngeal carcinomas, but not in nasopharyngeal carcinoma cells [54] . Saba et al. [55] detected the FR in 45% of primary HNSCC and in 40% of corresponding lymph node metastases. These results emphasize that the KB cell line should not be regarded as a model for highly FR-positive oral cancer cells. Because of the confusing reports regarding the FR expression in oral cancer cells, alternative ligands could be explored, e.g., the epidermal growth factor receptor (EGFR), which is overexpressed on oral carcinomas [56] . Further studies are planned to evaluate liposomal phthalocyanine-mediated PDT against several OSCC cells (e.g., CAL27, FaDu, H357) and non-tumor gingival epithelial cells (GECs), and the effect of targeting liposomes encapsulating photosensitizers to oral cancer cells.
Conclusions
The present study shows that free and liposomal ZnPc and AlPc, in the range 0.1-1.0 µM, did not cause dark toxicity, the embedding of phthalocyanines in negatively charged POPC: PG (1: 1) liposomes enhance their phototoxicity, and that this effect is dependent on cell type. SCC HSC-3 cells were more sensitive to free and liposomal ZnPc, while HeLa cervical adenocarcinoma cells were more sensitive to AlPc. In HSC-3 cells, there was essentially no expression of folate receptor (FOLR1); therefore, alternative ligands should be explored for targeting OSCC cells. The possibility of using PDT selectively to stimulate phototoxicity in malignant oral epithelium remains. It is likely that targeted PDT will minimize the effects of the treatment on normal cells in the vicinity of the malignancy.
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